A Thoracic Aortic Aneurysm (TAA) is a condition with a high mortality rate, which is associated with atherosclerosis, age, infection, inflammation, trauma, congenital abnormality or degeneration. The main treatment is conventional Surgery and there is an emerging technique, Thoracic Endovascular Aortic Repair (TEVAR). The latter is a non-invasive procedure, quickly adopted by clinicians for the endovascular treatment of TAA.
INTRODUCTION Aneurysm
The TAA is a significant life-threatening condition, causing mortality in the short and long term due to its rupture and dissection. It is defined as the dilation of the aorta 50% higher than the normal diameter of the same in a given segment [1] . Aortic aneurysms may be classified according to their morphology, etiology and location. In the morphological classification we have fusiform and saccular aneurysms. The ones with fusiform shape are cylindrical and affect the entire circumference of the aorta and the saccular form has an intussusception portion of the aortic wall. Fusiform aneurysms are more common. TAA's are mostly saccular, with a small connecting canal between the avity of the aneurysm and the aortic lumen. This restricted orifice protects the thin wall of the aneurysm from the intra-aortic pressure, thus reducing the risk of breakage, in contrast with the fusiform aneurysm.
Aneurysms can also be classified according to the involved segment, thoracic, thoracoabdominal or abdominal [2, 3] .
TAA's are distributed equally in men and women, increasing in frequency with advancing age. They are sometimes associated with hereditary factors which involving connective tissue, including Marfan syndrome [3, 4] .
Smooth muscle cells from patients with aortic aneurisms, as compared to the normal aortas have proliferative properties. The increase of this migration, which seems to be due to overproduction of matrix metalloproteinases (MMP-2) may lead to the formation of aneurysms [5, 6] Figure 1&2 . MMP-2 may therefore play an important role in the degeneration of the aortic wall, which leads to the formation of aneurisma [7] .
The weakening of the aortic wall is exacerbated by an increase of systolic pressure, especially in the ascending aorta. This segment of the aorta is most exposed to the pressure of each cardiac systole and the dynamic movement of the heart transmitted every cardiac cycle. The weakening of local walls causes aortic dilation and increase wall tension (described by the Laplace Law). Small cracks in the intimal layer of the aorta may allow blood to penetrate the middle layer, leading to a dissection [1] .
The aortic dilation can occur as a result of atherosclerosis, increase in age, infection, inflammation, trauma, congenital abnormalities or degeneration [2, 3] .
Conventional surgery
Conventional surgery is the most common method in the treatment of TAA. This involves median sternotomy (for aneurysms of the ascending aorta (Asc. Ao) and aortic arch) or left thoracotomy (for aneurysms of the descending aorta (Desc. Ao) and thoracoabdominal) and subsequent excision of the aneurysm, replacing it with a synthetic graft. This surgery is indicated for patients with large aneurysms (diameter > 5-6cm in Asc. Ao; > At 6-7cm in Desc. Ao and > 5 cm in Marfan Syndrome patients at any location), aneurysms that grow rapidly (> 1cm / year) and symptomatic, traumatic or syphilitic aneurysms.
Although surgical repair of an intact TAA improves the prognosis, the mortality rate may still exceed 5 to 10% in 30 days and reach 40 to 50% at 10 years. The risk of death increases if aneurysms develop complications (eg. the aortic arch or thoracoabdominal aorta), if patients have Coronary Artery Disease (CAD), Renal Failure (RF) pre-existing with advanced age or if they are symptomatic. Perioperative complications (eg. cerebrovascular accident (stroke), spinal injury and RF) occurs in about 10 to 20% of cases [7] .
Tevar
TEVAR is an emerging method of treatment that has been rapidly adopted by clinicians in the treatment of thoracic aortic conditions [8] . The range of this disease includes aneurysms, acute and chronic dissection of the descending thoracic aorta, penetrating ulcer, intramural hematoma and traumatic rupture [9] .
The definite indications for intervention are rupture and symptomatic aortic disease. In asymptomatic patients with thoracic aneurysm the decision to intervene is complex and clinicians should consider the risk of operability versus the risk of rupture and death without treatment. TEVAR is a less invasive technique compared to conventional surgery and its availability and relative ease of application, amplified and changed the options in the management of thoracic aortic disease, including patients considered unfit for conventional surgery [8] Figure 3 .
The main purpose of endovascular treatment of aneurysmal disease is to eliminate existing blood flow into the aneurysmal sac, internally connecting the arterial lumen and stabilizing the proximal and distal area of the dilated segment to prevent rupture of the aneurysm [9] . This proceeds to the deployment of endovascular stents through catheters, which can also be used in combination with conventional surgery on the thoracic aorta, for example, in diffuse aortic disease [11] .
The large and rapid expansion of the use of this technique has a systematic requirement concerning indications, suitability and limitations, since it has been adopted by many specialties, including cardiologists, cardiovascular surgeons, radiologists and vascular surgeons. It is extremely important to recognize the anatomy of the aorta and its need for adequate vascular access. The choice of patients with inadequate anatomy must be prevented by a proper selection of them [12] .
There are three indications for placement of TEVAR: individuals with TAA, with aortic dissection and traumatic injury. For effective placing an attachment region with at least 2 cm is required, either proximal or distal to obtain a secure deployment and lasting fixation of TEVAR [8] .
There are many risk factors that may influence the implantation of TEVAR, particularly, the combination of the presence of atherosclerotic walls and tortuosity observed in the thoracic aorta of atherosclerotic aneurysms. This may require a change in the fixation of the stent in the course of time due to the relative stiffness of the whole fixing system [12] . Apart from these factors, there are inherent complications in this procedure, such as stent migration, aneurysm growth and the formation of endoleaks.
It is known that the type of image obtained and intervals of follow-up after aneurysms repair are topics of discussion, 
3/7
Appropriate image monitoring being extremely important to detect post-procedure complications. The formation of endoleaks is the most common complication of this procedure, as such, it is of utmost importance for the condition to be monitored through various imaging techniques [13] .
Endoleak
Endoleak is related to endovascular grafts, defined by the presence of blood flow outside the lumen stent but within the aneurysm sac or at the adjacent segment that is being treated with the graft. It is due to an incomplete sealing, of the aneurysmal sac or a segment of the vessel identified by various imaging techniques such as CT, ultrasound or angiography [11] .
Some endoleaks appear to be an inevitable consequence of placing a stent graft inside the aneurysm sac, with vessels for the outflow, while others are the result of a wrong selection of the stent, or because the patient is unfit for this type of procedure [14] . The occurrence of endoleaks depends on the material used and the experience of the operating team in patient selection and implantation techniques. The use of the latest materials and equipment will decrease the rate of complications in the future [11] .
According with Ashoke et al. endoleaks and other complications occur in about a quarter or more of all patients subject to the TEVAR deployment, without a decrease over time [15] . In Heilberger et al. a study in a population with 108 men with a mean age of 67.3 years, the incidence of endoleaks after TEVAR ranged between 2.4% and 44% [16] . Moreover, according to Chagas Neto FA et al. with a sample of 20 cases to illustrate the different types of endoleaks, we verified the existence of endoleaks in between 10% to 25% of cases, with spontaneous resolution in only 40% to 50% of them [17] . Thus, a continuous vigilance for visualization, evolution and early identification of the type of endoleak, is required.
The endoleak may be classified according to the time it is detected. During the perioperative period (<30 days) it is defined as a primary endoleak. If after that time, it will be designated as a secondary endoleak [18] . In addition to this temporal classification, there is another based on their genesis, divided into five types. Type I endoleaks are defined by the stent detachment in certain locations of the vessel wall, in a proximal (type Ia) or distal (type Ib) level. The blood flow, which should pass through the stent in its entirety, is diverted into the space between the stent graft and the aneurysm wall. This flow is subjected to systemic pressure, and leads to the risk of the aneurysmal sac expanding and causing it to rupture. These are always considered clinically significant, and are generally treated, once they are detected, since its spontaneous resolution is impossible. Type II endoleaks are defined by the presence of retrograde flow in collateral vessels into the space between the stent and the vessel wall, thereby predicting the aneurysmal sac thrombosis and creating a risk of progressive expansion and possible rupture thereof. The type III endoleaks are defined by the failure or disjunction of the components of the modular system of the graft or a manufacturing defect of the same. There is a direct entry of blood flow to the space between the graft and the vessel wall, such as in the Type I endoleaks, where an intervention is needed. The type IV endoleaks are not a real leak but represent the passage of blood or fluid through the porosity of the graft itself. This type of endoleak ceased to exist due changes made at the level of porosity in the manufacture of grafts. Finally, type V endoleaks are defined as the continued increase in size of the aneurysm sac without any visible leakage of blood flow into the aneurysm sac as seen through various imaging techniques. Is also referred as endotension, being a poorly understood phenomenon, but it is suspected that it is due to the pulsation of the graft wall, where a transmission by the space between it and the aneurysm wall occurs; ultrafiltration of the blood through the graft or the presence of a thrombus, which also symbolizes an ineffective barrier to pressure transmission [14, 19] Figure 4 .
It appears that there is a group of patients with a greater predisposition to endoleaks formation after TEVAR. According to Parmer et al. patients at higher risk of developing endoleaks after the intervention are those with a larger and more extensive aneurysm, as well as those who need a coverage of the aorta with multiple stents. Data from this study also suggest that the use of long devices rather than short multiple devices can provide superior results, reducing the incidence of endoleaks after an intervention [20] .
Endoleaks will compromise the stent graft function (total isolation of the aneurysmal sac thus reducing the pressure inside this which leads to a shrinkage of the aneurysm), so their detection is important in the analysis of clinical success after endovascular aneurysm correction [21] . All of this involves strategies for the treatment of endoleaks that must be followed according to the degree of development and repercussions from these: i. Conservative observation with monitoring through image repetition;
ii. Correction with an additional endovascular graft;
iii. Embolization and other endovascular interventions;
iv. Surgical placement of a ligature of the aortic neck band;
v. Conversion to conventional aneurysm repair [11] . 
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Follow-up
The image type and intervals of follow-up after TEVAR are topics under discussion, it being clear that vigilance is needed through imaging techniques to detect post procedure complications, to indicate later, the most appropriate treatment to be offered for the best result for patients [13, 20] .
These techniques will detect endoleaks, will monitor the size of the aneurysmal sac and will confirm the setting and position of the graft [15, 21] .
According with Heilberger et al. the follow-up examinations should be performed three to six months apart, always considering the clinical course of each patient [16] .
Imaging techniques used after endovascular aneurysm correction will influence the rate of endoleaks reported. As such, a technique is required with higher sensitivity in the detection of these, which may be useful for further patient treatment [22] .
Imaging techniques
There are several techniques for the detection of endoleaks after endovascular aortic treatment such as X-ray, Angiography by Computerized Tomography (CT angiography), Angiography by Magnetic Resonance (MRI angiography), aortography, ultrasound and others, less used [11, 21, 23 ].
An X-ray allows a view of the mediastinum widening on the left and an enlargement of Asc. and Dsc. Ao. However, it does not distinguish the tortuosity level of the aneurysm in the aorta, which causes some not to be detected. The CT angiography is effective in determining the location, size and / or any complications. The main advantages being its high reproducibility for follow-up studies and early detection of complications such as perforation with hematoma in the mediastinum, pleural effusion, pericardial effusion and signs of aortic syndrome. The disadvantages are that we have the use of contrast agents and an inability to visualize aortic regurgitation and motion abnormalities of the left ventricular wall. The MRI angiography produces panoramic highresolution views of the aorta in cross section, sagittal and coronal planes, providing the ideal source and delineation of the entire length of the aneurysm. A low emission of radiation is the most important advantage. However, the continued use of contrast is the main drawback, mainly affecting renal failure, with a high risk of developing Renal Systemic Fibrosis. Aortography is an invasive technique to visualize aortic regurgitation, location, size and extent of the aneurysm, assess ventricular function and coronary artery disease. The main disadvantage is an exposure to radiation and the use of contrast agents. Finally, ultrasound, to visualize the entire aorta using transesophageal, suprasternal, subcostal and abdominal echocardiography. This has disadvantages in the fact that the ascending part of the aortic arch cannot be viewed even by transesophageal echocardiography. It's a place with difficult access, so it is not very effective in determining the extent and full size of the aneurysm [23] .
Although not widely used, there are other techniques for endoleaks detection. Among these we can highlight the Intravascular ultrasound using probes from 7 to 10MHz, mechanical and electronic scanners that show cross-sectional images, the Positron Emission Tomography (PET) to detect increased metabolic activity in the thoracic and abdominal aneurysms, fluorodeoxyglucose uptake (the aneurysm level is a strong predictor of dilation and rupture of the same) and finally laboratory tests that help identify the inflammatory activity [23] . 
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The most commonly used techniques are CT and MRI angiography, allowing a good view of the aneurysmal sac with excellent resolution and after contrast injection, to determine the location, size and / or any complications [23] .
The endoleak size is an important factor for detection, since it influences their detection [21] . However, these techniques have disadvantages such as radiation exposure and potential nephrotoxicity and its high cost [9, 24] . These are less sensitive to detection of contrast outside the lumen, making it less visible with contrast dilution, causing an underestimation of the endoleak [21] .
In contrast, Echo Doppler has been recognized as a good option to these techniques due to its low cost, easy implementation and interpretation and the absence of exposure to any type of radiação [24] . This provides a better understanding of the endoleak formation mechanism and provides a more accurate analysis thereof, due to a collateral circulation. The origins of an endoleak may also be correctly identified. Compounded by the fact that it allows visualize blood flow in the aneurysm sac and its direction. This seems to be an excellent tool in the evaluation of high flow endoleaks within the aneurysmal sac.
It is an imaging technique commonly used in vascular studies, being easy to perform, inexpensive, portable, secure and highly available. Its use for patients' follow-up can reduce the biological hazards associated with CT angiography, since this frees the body of the individual to a substantial dose of ionizing radiation. The advantage of Doppler ultrasound in patients' follow-up with aortic stent is that it allows a serial measurement over time of the residual diameter of the aortic aneurysm sac ( Figure 5 ). Doppler ultrasound is more accurate than CT for the detection of problems associated with graft patency, their migration, kinking and stenosis. Provides physiological and anatomical information at the same time, unlike CT. The ability to quantify and compare serial images at a low cost without contrast and radiation, suggests that this technique should be the Gold Standard in the follow-up to TEVAR [18, 22, 25] (Figure 6-11 ).
Image protocol
The use of Echo-Doppler follow-up requires a protocol to be followed that includes assessment of blood flow through the stent, as well as outside of it, renal and iliac blood flow, the maximum diameter of the aneurysm and the presence of flow in a collateral vessel. Convex probes are used to evaluate a larger area using a lower frequency and therefore with greater depth and lower resolution. The probes that provide these conditions have a frequency between 1 and 8 MHz. For the visualization of the abdominal aorta, probes are used with a frequency of 2MHz to 4 MHz [26, 27] .
Due to the aneurysm anatomy and the situation of endoleaks, a thorough examination is necessary and requires many important aspects in the evaluation of the aneurysmal sac: i. A satisfactory B-mode image of the aneurysmal sac and the stent;
ii. A satisfactory Echo Doppler image with appropriate gains;
iii. A complete study by Echo-Doppler of the entire aneurysm Endoleak surveillance should be conducted with an appropriate and sensitive scale enough to detect slow flow channels. Endoleaks can be distinguished by their artefacts, its reproducibility, uniform nature and their persistence during diastole. The sample spectrum for the non-pulsed Doppler flow stent is used to document the flow direction. Some low-flow endoleaks can be identified as a small colored point at the level 6/7 for early detection of endoleaks, this technique has some disadvantages which Doppler ultrasound solves effectively. This technique is inexpensive, easy to interpret and implement, with no exposure to any type of radiation, thus reducing the risk of toxicity to the body. Also, it presents comparable quality to CT angiography in relation to the aneurysm measurement and identification of endoleaks after TEVAR. Adding to these advantages the fact that it is a common technique in any vascular laboratory, this will apply to its use in the follow-up of patients after TEVAR implementation [22, 25] . of the stent wall during diastole. Reproducibility and persistence allow the differentiation of these leaks regarding artefacts reported.
A Power Doppler (PD) instrument can be helpful when the proper angle of insonation is difficult to achieve with certainty, because it is insensitive to angle considerations. Echo-doppler or PD can aid in the acquisition of a Doppler waveform for the flow within a suspected endoleak to analyse the direction of flow, to provide an estimate of the "resistance" of the endoleak to a nearby collateral vessel [18] .
CONCLUSION
Although CT angiography is considered the gold standard
